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Real-world-effectiveness of biological treatment for severe 
chronic rhinosinusitis with nasal polyps*

Abstract
Background: During the last two years, three different monoclonal antibodies have been approved in many countries for the tre-

atment of patients suffering from severe chronic rhinosinusitis with nasal polyps (CRSwNP). Their efficacy has been demonstrated 

through large double-blind placebo-controlled clinical studies. Until now, only very limited reports on real-world data regarding 

this therapy have been published. 

Methods: This per protocol analysis included patients with an indication for biological treatment because of uncontrolled 

CRSwNP, despite long-term nasal steroid treatment, systemic steroid use and/ or endonasal sinus surgery. Baseline data on de-

mographics, medical history and comorbidities, polyp score, quality of life and sense of smell (using Sniffin´ Sticks) were assessed 

and a treatment with either dupilumab or omalizumab was started. The patients were followed up after three and six months. The 

changes in polyp score, quality-of-life measures and olfaction were noted. 

Results: 70 consecutive patients were evaluated during the study. Of the patients, 49 were treated with dupilumab and 21 with 

omalizumab. The polyp score decreased significantly after three and six months, and the quality-of-life parameters and olfaction 

increased. More than 90% of patients showed a moderate to excellent response to the therapy and there was no difference in the 

overall response between the two treatments. Olfaction improved in two thirds of the patients, but one third was still anosmic 

after six months treatment. 

Conclusions: This real-world study shows the effectiveness of the monoclonal antibodies dupilumab and omalizumab in the tre-

atment of severe CRSwNP. Nasal polyp scores and quality-of-life parameters as well as measured olfactory function were improved 

after just three months. The response after guideline-based criteria was insufficient only in 5 patients of this cohort. 
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Introduction
Up to 4% of the population in in the USA and Europe suffer 

from chronic rhinosinusitis with nasal polyps (CRSwNP) (1-4). 

The disease is accompanied by a distinct reduction in quality 

of life, particularly nasal obstruction and discharge, as well as 

an impaired sense of smell. Olfaction is more often impaired 

in CRSwNP compared to chronic rhinosinusitis without nasal 

polyps (CRSsNP) (5,6). As treatment with nasal steroids often 

has limited success in severe cases, systemic steroids and/ or 

endonasal sinus surgery (ESS) are generally used for second line 

treatment. Although these therapies have shown to be able to 

improve symptoms, quality of life and endoscopy scores (7,8), and 

despite the long-term use of nasal steroids after surgery, a recur-

rence of nasal polyps often occurs, causing the need for revision 

surgery or the administration of recurrent systemic steroids in 

these patients. 
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In about 80% of patients, CRSwNP is associated with a type 

II inflammatory disease (9) and comorbidities such as asthma 

or nonsteroidal anti-inflammatory drug (NSAID)-exacerbated 

respiratory disease (NERD) are frequently found. The type II in-

flammatory diseases share a common attribute in that different 

effector cells, especially eosinophilic cells, interleukins (especial-

ly IL-4, IL-5 and IL-13) and immunoglobulin-E play an important 

role in the pathophysiology and disease progression (10,11). 

Whereas in the past, patients, especially those with severe 

asthma, who were treated with monoclonal antibodies had an 

additional benefit in the course of their sinus disease (collateral 

efficacy) (12,13), three different biological therapies for the treat-

ment of severe CRSwNP are now approved in the US and the EU, 

including Germany. 

These are the IL-4Rα antibody dupilumab with dual blockade of 

IL-4 and IL-13 (14), the anti-IgE antibody omalizumab (15) and most 

recently the anti-IL-5 antibody mepolizumab (16). 

For each of the above-mentioned antibodies, at least one inter-

national multicentre double-blind, placebo-controlled study 

preceded these approvals, with relatively high patient numbers 

and outcome measures (17-19). Additionally, under CRSwNP-treat-

ment with biologicals pulmonary symptoms improve, systemic 

steroid use is reduced as well and sinunasal surgery rates (20,21). 

Although the primary and secondary criteria were reached 

for all studies with the three different antibodies, there is very 

limited experience in the treatment of patients with CRSwNP 

as the main diagnosis (and not asthma) outside the setting of 

clinical trials. 

For clinical use, recommendations from different societies and 

expert groups for the biological treatment of severe CRSwNP pa-

tients are available (22-24). But so far, there are no selection criteria 

available for making a choice between the different monoclonal 

antibody in CRSwNP, in contrast to the established endotyping 

in asthma patients (25). 

The aim of this study was to obtain more data on the effective-

ness of biological treatment in CRSwNP patients in a real-world 

setting at three centres in Germany and compare the results 

with the data of the clinical trials. Additionally, the criteria for 

responding and non-responding patients were evaluated. 

Materials and methods
Study design

The research was conducted at the Department of Otorhinola-

ryngology of a maximum care hospital, a specialty practice and 

a university hospital in Germany. It was conducted in accor-

dance with the Declaration of Helsinki on Biomedical Studies 

Involving Human Subjects and was approved by the local ethics 

committee in Baden Wurttemberg (approval number F-2021-

139) and all participants gave written informed consent.

Setting

The cohort included patients who presented with severe com-

plaints of chronic rhinosinusitis with nasal polyps in the Depart-

ment of Otorhinolaryngology in one of the three participating 

facilities between January 2020 and January 2022. All patients 

had undergone prior conservative treatment, including long-

term nasal steroids, ESS and/ or systemic steroids that did not 

resolve the complaints and fulfilled the inclusion and exclusion 

criteria for treatment with either dupilumab or omalizumab. The 

biological treatment is approved as an add-on therapy in ad-

dition to the continuing topical nasal steroid usage. 

Participants

The inclusion criteria were based on the EPOS 2020 (22) / EUFO-

REA-2019 (23) criteria including the presence of bilateral chronic 

sinus disease with nasal polyps for more than three months 

despite conservative treatment and an age of 18 years or older. 

According to the nasal endoscopy score, a minimum polyp 

score of 2 on each side had to be documented. Depending on 

the label in the approval text for the medication, patients had 

to have been treated with either previous sinus surgery and/or 

systemic courses of steroid treatments (dupilumab) or long-term 

nasal steroid use (omalizumab) with the result that no sufficient 

disease control could be achieved. Therefore, patients without 

prior sinus surgery were also included. 

The exclusion criteria included pregnancy, unilateral disease or 

signs of the presence of a mucocele, cystic fibrosis or an auto-

immune driven disease. No patients were included that had 

received treatment with a monoclonal antibody in the last two 

years. Additionally, patients with a known hypersensitivity to 

either dupilumab or omalizumab were also excluded 

Medical history of patients 

Patients were inquired about the history of the sinus disease, 

including the number of surgical procedures or courses of 

systemic steroids patients had undergone. Information on the 

presence of comorbidities such as asthma or clinically reported 

NERD as well as allergies to inhalant allergens verified by allergy 

testing (skin prick testing and/or specific blood IgE in the past) 

were also collected. 

Variables and measurements

Polyp score

The endonasal polyp score was determined by a modified clas-

sification of Lildholdt (26) like the classification used in the clinical 

trials for biological treatments. The polyp score was evaluated 

by an experienced specialist for each side by nasal endoscopy. 

In the used system, the absence of nasal polyps is noted as 0, 
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type of treatment was chosen without any specific preferences. 

The first two or three applications were administered by the 

doctor in the office and the patients were observed for at least 

45 minutes. Usually, after these injections the patients used the 

self-administration option for the medication after instruction. 

All the patients continued the usage of nasal steroids throug-

hout the treatment. 

As a primary outcome criterion, the impact of the biological tre-

atment on different parameters such as the polyp score, Sniffin’ 

Sticks result, VAS- and SNOT-22 score after three and six months 

was determined. The secondary outcome was a response ana-

lysis after six months following the EPOS 2020 criteria (Table 1) 

and the determination of the influence of different co-factors (22). 

Statistics

All analyses were performed using the IBM SPSS Statistics, 

Version 28.0 software system (IBM, Germany). Histograms and 

skewness were used to evaluate normal distribution. Mean 

values were computed ± standard deviations. In abnormally dis-

tributed values, a Wilcoxon test was used for statistical analysis. 

Spearman correlations were computed. The significance level 

was set at p<0.05. Other explorative analyses were performed 

wherever deemed appropriate. In these cases, p values are given 

for descriptive reasons only. Changes in the efficacy of the two 

investigated biological treatments on the different outcome 

measures were evaluated using the Mann-Whitney U test. 

Multivariate regression analysis was used to identify influencing 

factors for baseline measures and the overall response of the 

therapy. 

Results
Demographics

Initially, 72 patients were started on the treatment with mono-

clonal antibodies. There were two dropouts. One patient was 

lost to follow-up because he moved to the northern part of 

Germany and another patient stopped the medication because 

of unclarified infection. The latter patient started the medication 

with the same monoclonal antibody after he overcame this 

condition. The time of the start of the antibody-therapy and the 

with small polyps not reaching the edge of the middle turbinate 

receiving 1. Polyps reaching below the lower edge of the middle 

turbinate are graded as 2. Larger polyps medially of the middle 

turbinates or polyps reaching the lower edge of the inferior 

turbinate are given a total of 3. Polyps that lead to a complete 

obstruction of the lower nasal meatus are classified as 4. The 

final number is calculated by adding up the two scores for each 

side, with a maximum of 8. 

Assessment of the quality of life

As a disease-specific measure of the patients’ quality of life, 

the sino-nasal outcome test (SNOT)-22 questionnaire (27,28) was 

used to quantify the sino-nasal symptoms. It consists of 22 

questions of chronic rhinosinusitis (CRS)-related items scored 

from 0 to 5 (total range 0-110, with higher totals representing 

worse symptoms), which evaluates the severity of complaints 

that patients have been experiencing over the past weeks due 

to CRS. Results of 40 or more are considered to show a severe 

impairment (22) and the minimal clinically important difference 

(MCID) is considered to be 8.9 points (29).

Visual analogue scale (VAS)

A recommended method for the subjective assessment of the 

severity of nasal symptoms in CRS is the use of a visual analo-

gue scale (VAS) recorded by the patient on a 10cm line giving 

a score on a measurable continuum of 0 to 10cm (30). A range of 

0-3cm would indicate mild, >3-7cm moderate and >7cm severe 

symptoms. 

Olfactory testing

Olfactory function was quantified using an established clinical 

test (“Sniffin’ Sticks”, Burghart Instruments, Wedel, Germany) 
(31-33), in which the standardized, forced-choice 16-item odour 

identification test was carried out. The olfactory functional diag-

nosis was obtained from the correct answers. Normal olfactory 

function is presumed for scores of 13 and above and hyposmia 

between 8 and 12, while scores below 8 are considered “functio-

nally anosmic” (34).

Blood parameter

Before the start of the treatment and during follow-up, total 

serum IgE and a differential blood count including eosinophils 

(total count and percentage of white blood cells) were assessed. 

Initiation of therapy 

After the indication for the antibody treatment was ascertained, 

the therapy was explained to the patients and they gave written 

informed consent. In the beginning of the study period, only du-

pilumab was available as a treatment option and all the patients 

received this medication. After omalizumab was approved for 

severe CRSwNP in August 2020, both antibodies were used. The 

Table 1. Response criteria for biologicals after EPOS2020 (22).

Evaluating 5 criteria Excellent response

5 criteria

• Reduced nasal poly size Moderate response

• Improved quality of life 3-4 criteria

• Improved sense of smell Poor response

• Reduced need for systemic corticosteroids 1-2 criteria

• Reduced impact of co-morbidities No response

0 criteria
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distribution of the patients among the different centers can be 

seen in Figure 1. 

For the analysis, 70 patients (46 men, 24 women; aged 19-83 

years, 51.9 ± 14.1 years) were evaluated in a per protocol analy-

sis. Many patients had known type II comorbidities like asthma 

(84%), history of allergic reaction to inhalant allergies (59%) 

or NERD (50%). Almost every patient had undergone previous 

endonasal sinus surgery (93%) and most patients had more than 

two surgical interventions in the past (56%). A treatment with 

systemic steroids of different dosages and duration of courses 

was reported by 88% of the patients. 

Primary outcome parameter 

The mean pre-treatment polyp score was 5.8 ± 1.2 (median 6.0, 

IQR 2). The mean SNOT-22 score was 57.3 ± 19.9 (median 60.5, 

IQR 30) points and mean VAS score 8.3 ± 1.3 (median 8.55, IQR 

2). The evaluation of the sense of smell revealed a mean dentifi-

cation score of 4.2 points ± 3.0 (median 4.0, IQR 2). 

Of the patients, 49 started a treatment with dupilumab and 21 

with omalizumab. Baseline parameter of the two specific anti-

body treatments can be seen in Table 2. There were no statisti-

cal differences of these measures between the two treatment 

groups (all p > 0.17), except that the polyp score was lower in 

the Omalizumab treated group (p=0.005). 

No severe side effects occurred during the initiation of the 

monoclonal antibody therapy. During the whole six-month 

follow-up period in one case an increased local reaction occur-

red that led to a discontinuation of the therapy with dupilumab 

after 6 months and switch to another monoclonal antibody. Of 

the patients, one received oral steroids due to an increase in 

blood eosinophils over 10.000 /µl without any clinical signs in 

the dupilumab group. Almost all the patients started self-admi-

nistration after two or three initial injections of the antibody and 

every patient continued the use of the nasal steroids throug-

Figure 1. Timeline of the start of the treatment with either dupilumab or omalizumab. Each dot represents one patient and the colours represent the 

participating centre.

Table 2. Demographic baseline data of all CRSwNP-patients included for 

treatment with dupilumab or omalizumab. 

Differences between groups all p > 0.17, except for polyp score 

(p=0.005).

Dupilumab 
group

Omalizumab 
group

n 49 21

Age (years) 51.3 53.3

female 35% 34%

male 65% 66%

atopy 64% 50%

asthma 86% 80 %

NERD 55% 44%

previous sinus surgery 94% 91%

previous systemic steroids 92% 80%

Polyp-Score 6.1 5.2

SNOT-22 59.2 53.1

VAS 8.4 8.1

total serum IgE 183.6 126.5

Eosinophiles count 525.0 511.8

Sniffin´ Sticks Identification-Score 4.17 4.35

Normosmia 0% 5%

Hyposmia 11.9% 10.0%

Anosmia 88.1% 85.0%
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hout the study period. 

The mean change between baseline and 6 after months in 

the polyp score of the included 70 patients was -3.7 ± 1.5 (p ≤ 

0.001), median 4, IQR 2. The mean decrease vs. baseline in the 

SNOT-22 score was 31.1 ± 21.6 (p ≤ 0.001), median 38.5, IQR 36 

and 5.7 ± 2.3 points in VAS (p ≤ 0.001), (median 6.05, IQR 3). The 

mean increase vs. baseline in the Sniffin’ Sticks identification 

score was 5.2 ± 4.6 points (p ≤ 0.001), (median 4.5, IQR 7). The 

changes were all already present after three months of therapy 

(Figure 2). 

The response according to the EPOS 2020 criteria after six 

months was poor (response in 1-2 criteria) in one patient, 

moderate (response in 3-4 criteria) in 30 patients and excellent 

(response in all criteria) in 39 patients. 

In one patient the indication for a revision sinus surgery was 

made due to insufficient efficacy of the monoclonal antibody 

therapy. After the follow-up period of six months, three patients 

were switched (two from dupilumab, one from omalizumab), 

two because of an insufficient response, one due to a strong 

local reaction at the injection site. 

Concerning the aspect of olfaction data was available for the 

baseline evaluation in 62 patients and for the six-month results 

in 67 patients (missing data due to reduced feasibility because 

of the SARS-CoV-2 pandemic). Before the start of the biological 

treatment, 87% of patients showed anomia, 11% hyposmia 

and 2% normosmia. After six months of treatment 30% were 

anosmic, 43% were hyposmic and 27% were normosmic (Figure 

3). Overall, this resulted in a recovery of at least some sense of 

smell in 38 of 60 patients. The change in olfaction correlated 

with the response after six months (-0.54, p ≤ 0.001, Spearman), 

age (0.38, p=0.02) and the SNOT-22 change (-0.40, p = 0.02, 

Pearson), but not with the change in polyp score (0.20; p = 0.12, 

Spearman), asthma (p=0.064) or the initial Sniffin’ Sticks result 

(p=0.14), supplementary Table 1. 

By trying to detect certain parameters to predict the response, a 

multivariate regression analysis was used with the response (1-

5) as the dependent variable and age, gender, asthma, the pre-

sence of NERD, allergy and prior sinus surgery as the indepen-

dent variables. Here, only asthma was identified as a prognostic 

parameter with a regression-coefficient β of 1.079 (p=0.014). The 

corrected r² is 0.145. 

Comparison of the two monoclonal antibodies

Since numbers of patients were limited for the two treatment 

groups, the following statistical analysis only has a descriptive 

character and the changes in the different parameters can be 

Figure 2. Mean values (including 95% confident interval) at baseline, 3 and 6 months after start of monoclonal antibody treatment for CRSwNP for a) 

endonasal polyp score (0-8), b) SNOT-22-score (0-110), c) VAS score of nasal health rating (0-10); d) Sniffin´ Sticks 16-Item Identification Score (0-16). 

Significant changes are marked by *.
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seen in Figure 4. 

A difference in the outcome criteria after six months of treat-

ment with the two monoclonal antibodies was found for the 

polyp score (p=0.012), SNOT-22 (p=0.015) and VAS (p=0.013) 

with a pronounced effect of dupilumab. Scores for the Sniffin’ 

Sticks tended to be better for dupilumab (p=0.094). No differen-

ce could be seen between the two antibodies in the overall res-

ponse after six months (p=0.57). The best response of 5 points 

was seen in 52% of the patients with omalizumab and in 57% 

with dupilumab, with a response of 4 points in 33% of patients 

with omalizumab and in 37% with dupilumab. A response of 3 

points or less was seen in 14% of patients with omalizumab and 

6% with the dupilumab treatment. 

Discussion
This description of a cohort of 70 patients is one of the first 

reports on the efficacy of monoclonal antibody treatment in 

patients with CRSwNP outside of controlled clinical studies 

and with chronic rhinosinusitis as primary diagnosis. It is very 

important to collect the experiences of treatment of patients in 

a real-world environment, as the inclusion and exclusion criteria 

in clinical studies often do not match the real clinical setting. 

Data collection in the context of this research was performed 

by experienced specialists in the field who are also very well 

trained in the use of measures of symptoms and surgical ap-

proaches in chronic rhinosinusitis. Therefore, one can assume 

that more severe cases of patients with CRSwNP would have 

been included, and indeed, compared to the phase 3 studies for 

dupilumab (17) and omalizumab (18) the rate of included patients 

with comorbid asthma or NERD and the number of patients who 

had undergone at least one surgical intervention for CRSwNP 

were higher in this cohort. On the other hand, the mean polyp, 

SNOT-22 or VAS scores were quite similar to the randomized 

controlled clinical trials. Additionally, most of the patients in the 

present examination were anosmic, which is comparable to the 

included subjects in phase 3 studies. However, the UPSIT test 

was not used for evaluation, but rather the Sniffin’ Sticks test, 

which is more commonly used in Europe. 

After six months of treatment, the included subjects showed 

impressive improvements in all clinical parameters. Interestingly, 

these changes were already present after three months. The 

amount of improvement after six months was more apparent 

than the mean changes in the phase 3 studies of the two 

biological treatments patients were treated with in the present 

study. This might be due to the non-randomized uncontrolled 

design of this study or the fact that included patients of this 

investigation probably had more serious disease in terms of 

other typically type II associated co-morbidities, such as asthma 

and NERD. Therefore, a better selection of type II inflammatory 

disease cases might lead to a better response. However, there 

were also cases in which a limited effect was noted or patients 

who had no response at all. Here, the further course of the 

disease after the switch to another antibody or surgery under 

biological treatment will give us new insights into the handling 

of non-responders. 

We have identified comorbid asthma as having a significant 

effect on the response, which is consistent with previous reports 
(18,19). The task in the future will be to find more special conditions 

or biomarkers to forecast the efficacy of monoclonal antibodies 

in general or a specific antibody in single patient cases. 

The safety of the monoclonal antibody therapy proved to be 

good beyond clinical trials and the side effects were comparable 

Figure 3. Percentual proportion of patients in the different classifications of olfaction (normosmic, hyposmic or anosmic) at baseline and 6 months 

after therapy with monoclonal antibodies for CRSwNP.
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in severity and frequency to the reports in the clinical studies 
(17-19). The dropout rate was also very low. 

In particular, the impaired sense of smell as a main reason be-

hind the reduced quality of life in those suffering from CRSwNP 

also showed recovery during the study period. After six months, 

two thirds of the patients showed improvement, although only 

one third were classified as normosmic. Still, the fact that ano-

ther third were anosmic after this period, which is comparable 

to the results of surgical interventions for CRSwNP, is important 
(35,36). Further investigations are needed to assess changes after a 

longer period of treatment or identifying factors that result in a 

limited outcome for olfaction. One could speculate if the chronic 

inflammation might have led to an irreversible damage of olfac-

tory cells. Specifically, future studies should involve the assess-

ment of odour thresholds to address changes more specifically 

at the level of the olfactory epithelium (37). 

The more pronounced numerical effect of dupilumab on polyp 

score, SNOT-22 score and VAS observed in our study compared 

to omalizumab has been published before (38,39). However, this 

did not result in a significant higher overall response according 

to the EPOS 2020 recommendations (22) in our research. Nonet-

heless comparing results from two monoclonal antibodies must 

be done with caution based on the study design. Furthermore, 

no randomized, controlled head-to-head clinical study has been 

published to date. 

Before the availability of monoclonal antibodies for the treat-

ment of CRSwNP, aspirin desensitization therapy was considered 

as a possible supportive option in patients with a co-morbidity 

of NERD (40). The first reports have been published that biological 

treatment is outperforming this procedure (41,42). Some of our 

patients had undergone aspirin desensitization therapy in the 

past, which turned out to be insufficient to control the disease. 

The monoclonal antibody treatment also proved its effective-

ness in these patients. 

The results of the present research are difficult to compare with 

the outcomes of the one other study using real-world data in 

patients that received monoclonal antibodies because they 

included patients with asthma with a comorbid CRSwNP (43). 

The present study exclusively examined patients who received 

a monoclonal antibody treatment for the indication severe 

uncontrolled CRSwNP. In the investigation of Meier et al. (43), the 

treatment of 28 patients with either mepolizumab, omalizumab 

or benralizumab was described and many therapy switches 

were necessary due to an insufficient response. In addition, 22 

patients also received at least one course of systemic steroids 

and some patients had to undergo revision sinus surgery, 

because a successful therapy was reported in only 31%, which is 

much less than our findings with dupilumab and omalizumab. 

Figure 4. Boxplots of changes of a) nasal polyp score; b) SNOT-22 score; c) VAS-score; d) Sniffin´ Sticks 16-Item Identification score 6 month after start 

of therapy in the dupilumab (n=49) and omalizumab (n=21) treatment group. The lines represent the medians; the boxes include 75% of the results; 

the whiskers include 95% of the results. The circles demonstrate outliers. Significant differences are indicated. 
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One other report exclusively for dupilumab treatment in 

CRSwNP patients showed the 24 weeks results in 98 patients 
(44). Similar improvement of SNOT-22 scores and reduction in 

polyp scores were described. Another very recently published 

real world analysis from Canada (45) confirms the efficacy of the 

treatment with dupilumab in severe CRSwNP in a real-world set-

ting in terms of improvement of SNOT-22 scores. Interestingly, 

in their cohort only 42 of 85 patients who were considered for 

treatment received coverage from the insurance company. 

This gives an insight on the discussion about cost-efficacy of 

antibody-treatment for CRSwNP-patients especially in compa-

rison to surgical approaches. There are many reports that sinus 

surgery improves disease-specific quality of life outcomes even 

over 10 years (46). A recent meta-analysis on rates of revision 

surgery in CRSwNP (47) reported a mean revision rate of 16% 

in a mean follow-up of 90 months. Co-morbid asthma and 

NERD were identified as factors that significantly increased the 

revision rates to more than 25%. Algorithms were proposed for 

the therapeutic work-up of patients before starting biological 

treatment (48). 

Besides the cost of the therapy, variances of the efficacy of the 

different monoclonal antibodies need to be evaluated in the 

future in further real-world studies. It needs to be proven if ten-

dencies of recent comparative analysis (49) can be verified.

Limitations of the study

This research has some limitations: Because it was designed as 

a real-world study, this was a non-randomized, uncontrolled 

study. The patients selected for biological treatment were inclu-

ded consecutively without any randomization to either of the 

two treatment options, dupilumab and omalizumab. Therefore, 

a bias cannot be ruled out. Additionally, the third monoclonal 

antibody mepolizumab which is permitted for the same indi-

cation could not be taken into account, as the certification of 

approval was only recent. 

Conclusions
This study delivers real-world evidence for the efficacy of treat-

ment of CRSwNP, with the monoclonal antibodies dupilumab 

and omalizumab showing a safety profile as previously descri-

bed. Patient selection, handling of the therapy and follow up for 

evaluating the effectiveness of the therapy is uncomplicated. A 

decrease in polyp score and increase of quality of life as well as 

olfaction could be demonstrated. Although the response to the 

therapy was moderate to excellent in most cases, few patients 

show a poor response. Until now no special comorbidities or 

biomarkers could be identified for an individual treatment 

stratification.

Authorship contribution
All authors were involved in the design, delivery, and analysis of 

the study, and have written and edited this manuscript.

Conflict of interest
Medical writing assistance of this manuscript was supported by 

Novartis Pharma GmbH, Nuremberg, Germany

Funding
None.

References 
1. Hedman J, Kaprio J, Poussa T, Nieminen 

MM. Prevalence of asthma, aspirin intoler-
ance, nasal polyposis and chronic obstruc-
tive pulmonary disease in a population-
based study. Int J Epidemiol. 1999; 28: 717-
722.

2. We J, Lee WH, Tan KL, et al. Prevalence of 
nasal polyps and its risk factors: Korean 
National Health and Nutrition Examination 
Survey 2009-2011. Am J Rhinol Allergy. 
2015; 29: e24-28.

3. Johansson L, Akerlund A, Holmberg K, 
Melen I, Bende M. Prevalence of nasal pol-
yps in adults: the Skovde population-based 
study. Ann Otol Rhinol Laryngol. 2003; 112: 
625-629.

4. Klossek JM, Neukirch F, Pribil C, et al. 
Prevalence of nasal polyposis in France: a 
cross-sectional, case-control study. Allergy. 
2005; 60: 233-237.

5. Haxel BR, Boessert P, Weyer-Elberich V, Fruth 
K. Course of olfaction after sinus surgery 
for chronic rhinosinusitis. Laryngoscope 

Investig Otolaryngol. 2017; 2: 269-275.
6. Rombaux P,  Huar t  C,  Levie P,  Cingi 

C ,  Hummel T.  Ol fact ion in Chronic 
Rhinosinusitis. Curr Allergy Asthma Rep. 
2016; 16: 41.

7. Rudmik L, Hopkins C, Peters A, Smith TL, 
Schlosser RJ, Soler ZM. Patient-reported 
outcome measures for adult chronic rhi-
nosinusitis: A systematic review and quality 
assessment. J Allergy Clin Immunol. 2015; 
136: 1532-1540 e1532.

8. Alanin MC, Hopkins C. Effect of Functional 
Endoscopic Sinus Surgery on Outcomes in 
Chronic Rhinosinusitis. Curr Allergy Asthma 
Rep. 2020; 20: 27.

9. Stevens WW, Peters AT, Tan BK, et al. 
Associat ions Between Inf lammator y 
Endotypes and Clinical Presentations 
in Chronic Rhinosinusitis. J Allergy Clin 
Immunol Pract. 2019; 7: 2812-2820 e2813.

10. Agarwal A, Spath D, Sherris DA, Kita H, 
Ponikau JU. Therapeutic Antibodies for 
Nasal Polyposis Treatment: Where Are We 
Headed? Clin Rev Allergy Immunol. 2020; 

59: 141-149.
11. Bachert C, Zhang N, Hellings PW, Bousquet 

J.  Endotype-driven care pathways in 
patients with chronic rhinosinusitis. J 
Allergy Clin Immunol. 2018; 141: 1543-1551.

12. Bajpai S, Marino MJ, Rank MA, Donaldson 
AM, O'Brien EK, Lal D. Benefits of biologic 
therapy administered for asthma on co-
existent chronic rhinosinusitis: A real-world 
study. Int Forum Allergy Rhinol. 2021; 11: 
1152-1161.

13. Mummler C, Dunzelmann K, Kneidinger 
N, et al. Real-life effectiveness of biological 
therapies on symptoms in severe asthma 
with comorbid CRSwNP. Clin Transl Allergy. 
2021; 11: e12049.

14. Bachert C, Mannent L, Naclerio RM, et al. 
Effect of Subcutaneous Dupilumab on 
Nasal Polyp Burden in Patients With Chronic 
Sinusitis and Nasal Polyposis: A Randomized 
Clinical Trial. Jama. 2016; 315: 469-479.

15. Gevaert P, Calus L, Van Zele T, et al. 
Omalizumab is effective in allergic and 
nonallergic patients with nasal polyps and 



443

Antibody treatment for CRSwNP

asthma. J Allergy Clin Immunol. 2013; 131: 
110-116 e111.

16. Bachert C, Sousa AR, Lund VJ, et al. Reduced 
need for surgery in severe nasal polypo-
sis with mepolizumab: Randomized trial. J 
Allergy Clin Immunol. 2017; 140: 1024-1031 
e1014.

17. Bachert C, Han JK, Desrosiers M, et al. 
Efficacy and safety of dupilumab in patients 
with severe chronic rhinosinusitis with nasal 
polyps (LIBERTY NP SINUS-24 and LIBERTY 
NP SINUS-52): results from two multicentre, 
randomised, double-blind, placebo-con-
trolled, parallel-group phase 3 trials. Lancet. 
2019; 394: 1638-1650.

18. Gevaert P, Omachi TA, Corren J, et al. 
Efficacy and safety of omalizumab in nasal 
polyposis: 2 randomized phase 3 trials. J 
Allergy Clin Immunol. 2020; 146: 595-605.

19. Han JK , Bachert C, Fokkens W, et al. 
Mepolizumab for chronic rhinosinusitis with 
nasal polyps (SYNAPSE): a randomised, dou-
ble-blind, placebo-controlled, phase 3 trial. 
Lancet Respir Med. 2021; 9: 1141-1153.

20. Desrosiers M, Mannent LP, Amin N, et al. 
Dupilumab reduces systemic corticosteroid 
use and sinonasal surgery rate in CRSwNP. 
Rhinology. 2021; 59: 301-311.

21. Forster-Ruhrmann U,  Stergioudi  D, 
Pierchalla G, Fluhr JW, Bergmann KC, Olze 
H. Omalizumab in patients with NSAIDs-
exacerbated respiratory disease. Rhinology. 
2020; 58: 226-232.

22. Fokkens WJ, Lund VJ, Hopkins C, et al. 
European Position Paper on Rhinosinusitis 
and Nasal Polyps 2020. Rhinology. 2020; 
58: 1-464.

23. Fokkens WJ, Lund V, Bachert C, et al. 
EUFOREA consensus on biologics for 
CRSwNP with or without asthma. Allergy. 
2019; 74: 2312-2319.

24. Bachert C, Han JK, Wagenmann M, et al. 
EUFOREA expert board meeting on uncon-
trolled severe chronic rhinosinusitis with 
nasal polyps (CRSwNP) and biologics: 
Definitions and management. J Allergy Clin 
Immunol. 2021; 147: 29-36.

25. Reddel HK, Bacharier LB, Bateman ED, et al. 
Global Initiative for Asthma Strategy 2021: 
executive summary and rationale for key 
changes. please change to: "J Allergy Clin 
Immunol Pract. 2022; 10: 1-18.

26. Lildholdt T, Rundcrantz H, Bende M, Larsen 
K. Glucocorticoid treatment for nasal pol-
yps. The use of topical budesonide powder, 
intramuscular betamethasone, and surgical 
treatment. Arch Otolaryngol Head Neck 
Surg. 1997; 123: 595-600.

27. Hopkins C, Gillett S, Slack R, Lund VJ, 
Browne JP. Psychometric validity of the 
22-item Sinonasal Outcome Test. Clin 
Otolaryngol. 2009; 34: 447-454.

28. Piccirillo JF, Merritt MG, Jr., Richards ML. 
Psychometric and clinimetric validity of the 

20-Item Sino-Nasal Outcome Test (SNOT-
20). Otolaryngol Head Neck Surg. 2002; 126: 
41-47.

29. Chowdhury NI, Mace JC, Bodner TE, et al. 
Investigating the minimal clinically impor-
tant difference for SNOT-22 symptom 
domains in surgically managed chronic rhi-
nosinusitis. Int Forum Allergy Rhinol. 2017; 
7: 1149-1155.

30. Lim M, Lew-Gor S, Darby Y, Brookes N, 
Scadding G, Lund VJ. The relationship 
between subjective assessment instru-
ments in chronic rhinosinusitis. Rhinology. 
2007; 45: 144-147.

31. Hummel T, Sekinger B, Wolf SR, Pauli E, 
Kobal G. 'Sniffin' sticks': olfactory perfor-
mance assessed by the combined testing of 
odor identification, odor discrimination and 
olfactory threshold. Chem Senses. 1997; 22: 
39-52.

32. Kobal G, Hummel T, Sekinger B, Barz S, 
Roscher S, Wolf S. "Sniffin' sticks": screening 
of olfactory performance. Rhinology. 1996; 
34: 222-226.

33. Hummel T, Kobal G, Gudziol H, Mackay-Sim 
A. Normative data for the "Sniffin' Sticks" 
including tests of odor identification, odor 
discrimination, and olfactory thresholds: an 
upgrade based on a group of more than 
3,000 subjects. Eur Arch Otorhinolaryngol. 
2007; 264: 237-243.

34. Landis BN, Konnerth CG, Hummel T. A study 
on the frequency of olfactory dysfunction. 
Laryngoscope. 2004; 114: 1764-1769.

35. Haxel BR. Recovery of olfaction after sinus 
surgery for chronic rhinosinusitis: A review. 
Laryngoscope. 2019; 129: 1053-1059.

36. Haxel BR, Fischer L, Pade J, Reden J, 
Hummel T. Nasal polyp load determines 
the recovery of olfaction after surgery for 
chronic rhinosinusitis. Rhinology. 2022. 60: 
2,102-108.

37. Hummel T, Whitcroft KL, Andrews P, et al. 
Position paper on olfactory dysfunction. 
Rhinol Suppl. 2017; 54: 1-30.

38. Peters AT, Han JK, Hellings P, et al. Indirect 
Treatment Comparison of Biologics in 
Chronic Rhinosinusitis with Nasal Polyps. J 
Allergy Clin Immunol Pract. 2021; 9: 2461-
2471 e2465.

39. Wu Q, Zhang Y, Kong W, et al. Which Is the 
Best Biologic for Nasal Polyps: Dupilumab, 
Omalizumab, or Mepolizumab? A Network 
Meta-Analysis. Int Arch Allergy Immunol. 
2021; 183: 279-288.

40. Fruth K, Pogorzelski B, Schmidtmann I, et 
al. Low-dose aspirin desensitization in indi-
viduals with aspirin-exacerbated respiratory 
disease. Allergy. 2013; 68: 659-665.

41. Oykhman P, Paramo FA, Bousquet J, 
Kennedy DW, Brignardello-Petersen R, Chu 
DK. Comparative efficacy and safety of 
monoclonal antibodies and aspirin desensi-
tization for chronic rhinosinusitis with nasal 

polyposis: A systematic review and network 
meta-analysis. J Allergy Clin Immunol. 2021.

42. Wangberg H, Spierling Bagsic SR, Osuna 
L, White AA. Appraisal of the Real-World 
Effectiveness of Biologic Therapies in 
Aspirin-Exacerbated Respiratory Disease. J 
Allergy Clin Immunol Pract. 2022; 10: 478-
484 e473.

43. Meier EC, Schmid-Grendelmeier P, Steiner 
UC, Soyka MB. Real-Life Experience of 
Monoclonal Antibody Treatments in 
Chronic Rhinosinusitis with Nasal Polyposis. 
Int Arch Allergy Immunol. 2021; 182: 736-
743.

44. Lans R, Fokkens WJ, Adriaensen G, Hoven 
DR, Drubbel JJ, Reitsma S. Real-life obser-
vational cohort verifies high efficacy of 
dupilumab for chronic rhinosinusitis with 
nasal polyps. Allergy. 2022; 77: 670-674.

45. Kilty SJ, Lasso A. Canadian real-world study 
of access and clinical results using dupilum-
ab for chronic rhinosinusitis with polyps. J 
Otolaryngol Head Neck Surg. 2022; 51: 17.

46. Smith TL, Schlosser RJ, Mace JC, et al. Long-
term outcomes of endoscopic sinus surgery 
in the management of adult chronic rhi-
nosinusitis. Int Forum Allergy Rhinol. 2019; 
9: 831-841.

47. Loftus CA, Soler ZM, Koochakzadeh S, et al. 
Revision surgery rates in chronic rhinosi-
nusitis with nasal polyps: meta-analysis of 
risk factors. Int Forum Allergy Rhinol. 2020; 
10: 199-207.

48. Roland LT, Smith TL, Schlosser RJ, et al. 
Guidance for contemporary use of bio-
logics in management of chronic rhinosi-
nusitis with nasal polyps: discussion from 
a National Institutes of Health-sponsored 
workshop. Int Forum Allergy Rhinol. 2020; 
10: 1037-1042.

49. Hellings PW, Verhoeven E, Fokkens WJ. 
State-of-the-art overview on biological 
treatment for CRSwNP. Rhinology. 2021; 59: 
151-163.

Prof. Dr. Boris Haxel 

Schwarzwald-Baar Klinikum

Department of Otolaryngology

Head and Neck Surgery

Klinikstr. 11

78052 Villingen-Schwenningen

Germany 

Tel: +49 (0) 7721 - 93-3601

Fax: +49 (0) 7721 - 93-93609

E-mail: boris.haxel@sbk-vs.de

This manuscript contains online supplementary material



444

Haxel et al.

SUPPLEMENTARY MATERIAL

R
e-

sp
o

n
se

C
h

an
g

e 
Sn

if
fi

n
´ 

St
ic

ks

C
h

an
g

e 
Po

ly
p

 
Sc

o
re

.

A
st

h
m

a
g

en
d

er
ag

e
N

ER
D

Si
n

u
s 

Su
rg

er
-

ie
s

B
as

e-
lin

e 
Po

ly
p

 
Sc

o
re

B
as

el
in

e 
Sn

if
fi

n
´_

St
ic

ks

C
h

an
g

e 
o

f o
lf

ac
-

to
ry

 
cl

as
s

C
h

an
g

e 
V

A
S

C
h

an
g

e 
SN

O
T-

22

Re
sp

on
se

C
or

re
la

tio
n-

C
oe

ff
ic

ie
nt

1.
00

0
.5

76
**

.4
42

**
.1

98
.0

08
-.3

26
**

.0
74

-.1
56

.0
53

.1
38

-.5
43

**
.1

48
.3

46
**

Si
g.

 (2
-s

id
ed

)
.

<
.0

01
<

.0
01

.1
03

.9
45

.0
06

.6
50

.1
97

.6
64

.2
86

<
.0

01
.2

48
.0

04

N
70

60
70

69
70

70
40

70
70

62
60

63
67

C
ha

ng
e 

Sn
iffi

n´
St

ic
ks

 
C

or
re

la
tio

n-
C

oe
ffi

ci
en

t
.5

76
**

1.
00

0
.3

65
**

.1
88

.0
68

-.4
29

**
.2

54
-.0

34
.1

73
-.4

13
**

-.8
81

**
.3

10
*

.3
86

**

Si
g.

 (2
-s

id
ed

)
<

.0
01

.
.0

04
.1

54
.6

08
<

.0
01

.1
13

.7
98

.1
87

.0
01

<
.0

01
.0

22
.0

02

N
60

60
60

59
60

60
40

60
60

60
60

54
60

C
ha

ng
e 

Po
ly

p
 S

co
re

C
or

re
la

tio
n-

C
oe

ff
ic

ie
nt

.4
42

**
.3

65
**

1.
00

0
.1

19
-.2

41
*

-.0
36

.3
69

*
.0

87
.4

20
**

-.0
69

-.2
03

.3
40

**
.2

48
*

Si
g.

 (2
-s

id
ed

)
<

.0
01

.0
04

.
.3

31
.0

44
.7

67
.0

19
.4

73
<

.0
01

.5
93

.1
20

.0
06

.0
43

N
70

60
70

69
70

70
40

70
70

62
60

63
67

A
st

hm
a

C
or

re
la

tio
n-

C
oe

ffi
ci

en
t

.1
98

.1
88

.1
19

1.
00

0
.2

35
-.0

64
.2

67
.2

43
*

-.0
84

.0
64

-.2
42

.2
30

.1
77

Si
g.

 (2
-s

id
ed

)
.1

03
.1

54
.3

31
.

.0
52

.6
03

.1
00

.0
44

.4
94

.6
22

.0
64

.0
70

.1
54

N
69

59
69

69
69

69
39

69
69

61
59

63
66

ge
nd

er
C

or
re

la
tio

n-
C

oe
ff

ic
ie

nt
.0

08
.0

68
-.2

41
*

.2
35

1.
00

0
-.0

16
.1

80
.1

40
-.0

18
.0

64
-.1

16
.2

17
.1

42

Si
g.

 (2
-s

id
ed

)
.9

45
.6

08
.0

44
.0

52
.

.8
98

.2
67

.2
48

.8
84

.6
24

.3
76

.0
88

.2
51

N
70

60
70

69
70

70
40

70
70

62
60

63
67

ag
e

C
or

re
la

tio
n-

C
oe

ffi
ci

en
t

-.3
26

**
-.4

29
**

-.0
36

-.0
64

-.0
16

1.
00

0
-.3

27
*

.0
02

.1
54

.1
23

.3
84

**
-.0

93
-.2

32

Si
g.

 (2
-s

id
ed

)
.0

06
<

.0
01

.7
67

.6
03

.8
98

.
.0

39
.9

86
.2

04
.3

41
.0

02
.4

67
.0

59

N
70

60
70

69
70

70
40

70
70

62
60

63
67

N
ER

D
C

or
re

la
tio

n-
C

oe
ff

ic
ie

nt
.0

74
.2

54
.3

69
*

.2
67

.1
80

-.3
27

*
1.

00
0

.4
33

**
.2

75
-.1

74
-.1

91
.0

74
-.0

11

Si
g.

 (2
-s

id
ed

)
.6

50
.1

13
.0

19
.1

00
.2

67
.0

39
.

.0
05

.0
86

.2
84

.2
38

.6
73

.9
47

N
40

40
40

39
40

40
40

40
40

40
40

35
40

Si
nu

s 
su

rg
er

ie
s

C
or

re
la

tio
n-

C
oe

ffi
ci

en
t

-.1
56

-.0
34

.0
87

.2
43

*
.1

40
.0

02
.4

33
**

1.
00

0
.0

67
-.0

78
.1

09
.1

57
-.0

93

Si
g.

 (2
-s

id
ed

)
.1

97
.7

98
.4

73
.0

44
.2

48
.9

86
.0

05
.

.5
84

.5
46

.4
09

.2
18

.4
53

N
70

60
70

69
70

70
40

70
70

62
60

63
67

Ba
se

lin
e 

Po
ly

p
 S

co
re

C
or

re
la

tio
n-

C
oe

ff
ic

ie
nt

.0
53

.1
73

.4
20

**
-.0

84
-.0

18
.1

54
.2

75
.0

67
1.

00
0

-.0
04

-.0
87

.3
73

**
.1

78

Si
g.

 (2
-s

id
ed

)
.6

64
.1

87
<

.0
01

.4
94

.8
84

.2
04

.0
86

.5
84

.
.9

75
.5

06
.0

03
.1

50

N
70

60
70

69
70

70
40

70
70

62
60

63
67

Ba
se

lin
e 

Sn
iffi

n´
_S

tic
ks

C
or

re
la

tio
n-

C
oe

ffi
ci

en
t

.1
38

-.4
13

**
-.0

69
.0

64
.0

64
.1

23
-.1

74
-.0

78
-.0

04
1.

00
0

.1
92

-.0
58

.0
16

Si
g.

 (2
-s

id
ed

)
.2

86
.0

01
.5

93
.6

22
.6

24
.3

41
.2

84
.5

46
.9

75
.

.1
41

.6
73

.9
03

N
62

60
62

61
62

62
40

62
62

62
60

56
62



445

Antibody treatment for CRSwNP
R

e-
sp

o
n

se
C

h
an

g
e 

Sn
if

fi
n

´ 
St

ic
ks

C
h

an
g

e 
Po

ly
p

 
Sc

o
re

.

A
st

h
m

a
g

en
d

er
ag

e
N

ER
D

Si
n

u
s 

Su
rg

er
-

ie
s

B
as

e-
lin

e 
Po

ly
p

 
Sc

o
re

B
as

el
in

e 
Sn

if
fi

n
´_

St
ic

ks

C
h

an
g

e 
o

f o
lf

ac
-

to
ry

 
cl

as
s

C
h

an
g

e 
V

A
S

C
h

an
g

e 
SN

O
T-

22

C
ha

ng
e 

of
 o

lfa
ct

or
y 

cl
as

s
C

or
re

la
tio

n-
C

oe
ff

ic
ie

nt
-.5

43
**

-.8
81

**
-.2

03
-.2

42
-.1

16
.3

84
**

-.1
91

.1
09

-.0
87

.1
92

1.
00

0
-.2

54
-.3

96
**

Si
g.

 (2
-s

id
ed

)
<

.0
01

<
.0

01
.1

20
.0

64
.3

76
.0

02
.2

38
.4

09
.5

06
.1

41
.

.0
63

.0
02

N
60

60
60

59
60

60
40

60
60

60
60

54
60

C
ha

ng
e 

VA
S

C
or

re
la

tio
n-

C
oe

ffi
ci

en
t

.1
48

.3
10

*
.3

40
**

.2
30

.2
17

-.0
93

.0
74

.1
57

.3
73

**
-.0

58
-.2

54
1.

00
0

.4
15

**

Si
g.

 (2
-s

id
ed

)
.2

48
.0

22
.0

06
.0

70
.0

88
.4

67
.6

73
.2

18
.0

03
.6

73
.0

63
.

<
.0

01

N
63

54
63

63
63

63
35

63
63

56
54

63
61

C
ha

ng
e 

SN
O

T-
22

C
or

re
la

tio
n-

C
oe

ff
ic

ie
nt

.3
46

**
.3

86
**

.2
48

*
.1

77
.1

42
-.2

32
-.0

11
-.0

93
.1

78
.0

16
-.3

96
**

.4
15

**
1.

00
0

Si
g.

 (2
-s

id
ed

)
.0

04
.0

02
.0

43
.1

54
.2

51
.0

59
.9

47
.4

53
.1

50
.9

03
.0

02
<

.0
01

.

67
60

67
66

67
67

40
67

67
62

60
61

67

Supplementary Table 1. Correlation (Pearson) of different parameter 

examined during the study (baseline and changes after 6 months). 

Significant correlations are pointed out in green. N=number of patients 

included.


